behavioural syndrome morphology personality pleiotropy stress coping style swimming performance zebrafish Evolutionary change in one trait can elicit evolutionary changes in other traits due to genetic correlations. This constrains the independent evolution of traits and can lead to unpredicted ecological and evolutionary outcomes. Animals might frequently exhibit genetic associations among behavioural and morphological-physiological traits, because the physiological mechanisms behind animal personality can have broad multitrait effects and because many selective agents influence the evolution of multiple types of traits. However, we currently know little about genetic correlations between animal personalities and nonbehavioural traits. We tested for associations between personality, morphology and locomotor performance by comparing zebrafish (Danio rerio) collected from the wild and then selectively bred for either a proactive or reactive stress coping style ('bold' or 'shy' phenotypes). Based on adaptive hypotheses of correlational selection in the wild, we predicted that artificial selection for boldness would produce correlated evolutionary responses of larger caudal regions and higher fast-start escape performance (and the opposite for shyness). After four to seven generations, morphology and locomotor performance differed between personality lines: bold zebrafish exhibited a larger caudal region and higher fast-start performance than fish in the shy line, matching predictions. Individual-level phenotypic correlations suggested that pleiotropy or physical gene linkage likely explained the correlated response of locomotor performance, while the correlated response of body shape may have reflected linkage disequilibrium, which is breaking down each generation in the laboratory. Our results indicate that evolution of personality can result in concomitant changes in morphology and whole-organism performance, and vice versa.
Evolutionary change in one trait can elicit evolutionary changes in other traits due to genetic correlations. This constrains the independent evolution of traits and can lead to unpredicted ecological and evolutionary outcomes. Animals might frequently exhibit genetic associations among behavioural and morphological-physiological traits, because the physiological mechanisms behind animal personality can have broad multitrait effects and because many selective agents influence the evolution of multiple types of traits. However, we currently know little about genetic correlations between animal personalities and nonbehavioural traits. We tested for associations between personality, morphology and locomotor performance by comparing zebrafish (Danio rerio) collected from the wild and then selectively bred for either a proactive or reactive stress coping style ('bold' or 'shy' phenotypes). Based on adaptive hypotheses of correlational selection in the wild, we predicted that artificial selection for boldness would produce correlated evolutionary responses of larger caudal regions and higher fast-start escape performance (and the opposite for shyness). After four to seven generations, morphology and locomotor performance differed between personality lines: bold zebrafish exhibited a larger caudal region and higher fast-start performance than fish in the shy line, matching predictions. Individual-level phenotypic correlations suggested that pleiotropy or physical gene linkage likely explained the correlated response of locomotor performance, while the correlated response of body shape may have reflected linkage disequilibrium, which is breaking down each generation in the laboratory. Our results indicate that evolution of personality can result in concomitant changes in morphology and whole-organism performance, and vice versa. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Evolutionary response to selection depends not only on the strength and nature of selection, but also on the heritability of the trait in question and its genetic correlations with other traits (Agrawal & Stinchcombe, 2009; Falconer & MacKay, 1996; Lande, 1979) . Because genetic correlations are common, selection on one trait often affects the evolution of other traits (Brodie, 1989; Ketterson, Atwell, & McGlothlin, 2009; Pigliucci & Preston, 2004) . Understanding how and why this happens has received considerable attention in animal personalities, where behavioural traits covary to produce consistently distinct 'personalities', 'temperaments' or 'behavioural syndromes' (R eale, Dingemanse, Kazem, & Wright, 2010; R eale, Reader, Sol, McDougall, & Dingemanse, 2007; Sih, Bell, & Johnson, 2004) . However, we know little about whether animal personalities have genetic associations with nonbehavioural traits, even though such associations should be expected and could have major ecological and evolutionary implications (Sih, Cote, Evans, Fogarty, & Pruitt, 2012; Wolf & Weissing, 2012) . We suggest that animal personalities may often exhibit genetic correlations (i.e. heritable nonrandom associations among traits) with seemingly disparate nonbehavioural traits due to (1) correlational selection on behavioural and nonbehavioural traits or (2) pleiotropic effects of the genes and physiological mechanisms that underlie animal personalities.
First, correlational selection may often occur in nature since selective forces can influence both behavioural traits and nonbehavioural traits, such as morphology and physiology (Dewitt, Sih, & Hucko, 1999; Endler, 1995; Ketterson et al., 2009; Schluter, 2010; Sinervo & Svensson, 2002; Vervust, Grbac, & Van Damme, 2007 
